This article proposes a semiparametric two-step procedure for estimating a censored consumer demand system with micro data. The semiparametric estimator considered in the rst step is suggested by Klein and Spady (1993) . This estimator, used as a counterpart of the probit estimator in a conventional two-step model, does not make any distributional assumptions about the disturbances and so is exempt from model misspeci cation and plausible heteroscedasticity. In the second step, we motivate the choice of the Almost Ideal Demand System (AIDS) as an economic representation of consumers' demand behavior. Implementing our proposed semiparametric two-step procedure as well as Shonkwiler and Yen (1999)'s two-step model to a household meat consumption dataset from China generates the price and expenditure elasticities of demand. We also conducted the Horrowitz and H• ardle (1994)'s speci cation test to our data and reject the null.
INTRODUCTION
The increased reliance on cross-sectional household-level micro data to estimate consumer demand equations has spawned a growing literature on the econometric treatment of the censoring of dependent variables, which occurs when one or more commodities have a significant proportion of zero expenditures. Theorists have proposed full information maximum likelihood (FIML) models which account for the left censoring of the dependent variables in a system of equations (Wales and Woodland (1983) , Pitt (1986, 1987) , Amemiya (1974) , Chiang and Lee (1992) ). However, the practical potential of the FIML approach for the estimation of demand systems is limited by its computational cost when censoring occurs for several commodities, as it requires the evaluation of multidimensional integrals.
Less e cient methods in the same realm as Heckman's two-step sample selection approach (1979) have been proposed as computationally expeditious alternatives to FIML estimators (Heien and Wessells (1990) , Shonkwiler and Yen (1999) , Yen (2005) , Yen and Lin (2006) ).
In these methods, probit regressions which determine the probabilities that households will make a purchase are obtained from a binary censoring rule. These probit regressions are used to compute the inverse mill ratio for each household, which are then inserted in the second step as instrumental variables. These methods are straightforward to implement and thus have gained signi cant attention in applied work. However, these Heckman-type approaches rely on a critical assumption that the error processes follow a joint normal distribution to recover consistent estimates of the demand system and therefore are prone to distributional misspeci cation. Speci cally, when the underlying distribution between the error processes is normal then these methods yield estimates that are p n-consistent. On the other hand, if the wrong joint distribution is assumed then the parameter estimates are O (1) . Furthermore, these Hackman-type models assume homoscedasticity in the disturbances, which is not always true especially in cross-sectional data. If heteroscedasticity emerges in the error terms, not surprisingly these approaches may yield erroneous elasticity estimates with potentially signi cant economic implications.
Drawing from recent advances in the nonparametric econometrics literature, this article proposes a semiparametric approach for the estimation of censored demand systems that is similar spirit to Heckman-type estimators but is exempt from distributional misspeci cation and accounts for potential heteroscedasticity in the disturbances. The suggested semiparametric approach consists of two steps of estimation. In the rst step, a semiparametric estimator proposed by Klein & Spady (1993) is adopted as a counterpart of the probit estimator used in conventional Hackman-type procedures. The Klein and Spady (1993)'s estimator is both consistent and achieves the semiparametric e ciency bound, thus it has been applied in several empirical studies (Newey, Powell, and Walker (1990) , Martins (2001) 
METHODOLOGY
We consider the standard empirical framework for a censored demand system, i.e. 
where 
:::n; j = 1; 2; :::J
where ij = Y ij E(Y ij jX ij ; W ij ): Let ( ) and ( ) denote respectively the standard normal cumulative distribution and probability density functions. If the errors, ij ; v ij are assumed to follow a bivariate normal distribution with covariance j , the system of equations (2) becomes
which corresponds to the system of demand equations derived by Shonkwiler and Yen. They propose that the j 's in (3) be estimated in two steps. First, estimate j by Probit to obtain e j ; then estimate the J equations (3) jointly as a system of seemingly unrelated regressions (SUR) after substituting e j for j . As mentioned above, Shonkwiler and Yen's approach produces inconsistent estimates when the true unknown joint distribution departs from the normal.
Instead of assuming joint normality of the disturbances, our proposed approach utilizes Klein and Spady (1993)'s semiparametric method in the rst step to estimate both the link function F j (:) and the parameter vector j for each censored equation. The Klein and Spady estimator is semiparametric in that it does not make any assumption about the distribution of the error term in the binary selection equation, instead it estimates the distribution function nonparametrically using the Kernel method. However, it assumes a linear index function to circumvent the curse of dimensionality common to nonparametric approaches. Brie y, the Klein and Spady estimator of j is obtained by maximizing the quasi-likelihood functioǹ
and h is a non-stochastic smoothing parameter (see Klein and Spady for technical details).
Klein and Spady show that the resulting estimator, b j , is both consistent and e cient.
What's more, the KS estimator accommodates a certain form of heteroscedasticity by which the probit model is inconsistent.
Our two-step approach to estimate the demand system (2) 
where f k g are unknown coe cients. Hence, the second step consists of estimating the following system of nonlinear equations table 1 . It appears that pork is the most consumed food while beef is the most expensive one on average.
Empirical Results for the Selection Equations
We estimate two selection equations, one for beef, and the other for sh by Probit and KS estimators respectively. The dependent variables in the selection equations are dichotomous variables that take the value 1 if the household makes a purchase and zero otherwise. Beside of the expenditure and price explanatory variables, we also include the three demographic variables. Consequently, the speci cation of the rst step selection equations are given by
where j represents beef and sh for which censoring occurs substantially (50.8% and 93.5% respectively). The estimation results are presented in table 2.
The probit estimates of the three demographic (non-price) variables are not signi cant at any conventional level except that the estimate of the education of household head is signi cant at the 5% level in the selection equation for sh. It is plausible that educated people consider the dietary bene ts of eating sh. On the other hand, the Klein and Spady results indicate that the number of wage earners and household size are signi cant at the 1% level for purchase of beef. Besides, the KS estimate of the number of wage earners is also signi cant at the 5% level for purchase of sh. Both probit and KS estimates suggest that the household expenditure on meat and the price of beef are signi cant at the 1% level in the selection equation for beef and also for sh. Additionally, it appears that whether or not to consume sh does not depend on the price of sh instead it depends on the price of beef and the household total expenditure, however whether to consume beef depends on almost everything.
Compared to the probit estimation results, the KS estimates have considerably small variances which reveals higher e ciency of the KS estimator, but both two types of estimates suggest that the total expenditure has a positive below unity coe cient which indicates that the increasing total expenditure raises the probability of consumer purchasing beef and sh but more e ectively with sh rather than beef. The signi cant (suggested by KS estimates) demographic variable, the number of wage earners in households brings down the probability of consumers purchasing beef but promotes the probability of purchasing sh. Another signi cant (also suggested by KS estimates) demographic variable, the size of household has a negative below unity coe cient to the selection of beef, which demonstrates that larger-size households have less probability to purchase beef.
To determine whether the normal distribution assumption made by the probit model is consistent with our data, we utilized the speci cation test proposed by Horrowitz and H• ardle (1994). The test is based on the distance between the KS estimator and its probit counterpart, speci cally the di erence between the probit link, and the nonparametric regression curve, F . Under the null hypothesis that the link function is speci ed correctly as a standard normal cumulative distribution function, the test statistics has the form
and asymptotically follows a normal distribution with zero mean and variance The test results are presented in table 3. As expected, the probit link is clearly rejected at the 1% con dence level for both selection equations of beef and sh. Additionally, visual implication of the CDF and PDF plots ( gure 1 and 2) show di erences between the probit and KS estimates. Noticeably the plot for beef is bimodal based on KS estimates, a feature that cannot be captured by probit estimates. We conclude that the normality assumption of the probit model is not consistent with our data. In this way, using more sophisticated (semiparametric) approaches is necessary and can be more informative and reliable than a standard parametric approach.
Estimated Demand Elasticities
In the second stage, we estimate equation (2) using the AIDS functional form of the demand system g(X ij ; j ), speci ed as follows.
jk log p ik ; for i = 1; 2; :::n; j = 1; 2; :::J; k = 1; 2; :::J (6)
where w ij is the ith household's expenditure share of commodity j, x i is the ith household's total expenditure, p j stands for the price of jth commodity, and P is a price index speci ed as in (7). Incorporating equation (6) into (3) and (4) respectively gives the two estimating systems as (8) and (9) by Iterated Seemingly Unrelated Regression (ITSUR) yields parameter estimates which can be used to derive the demand elasticities.
1
Because of the two-step estimation procedure, it is well known that the standard errors need to be adjusted to account for the added randomness due to the rst step estimation.
We circumvent this issue by bootstrapping our sample. Speci cally, we obtained 100 bootstrap samples from our data; performed our multi-step estimation for each sample; and constructed standard error estimates for our parameters from the resulting distribution of bootstrapping parameter estimates. uncompensated own-price elasticities are negative, below unity (except that pork has a subtly above unity own-price elasticity), and signi cant at the 1% level. All signi cant (at the 10% level or lower) uncompensated cross-price elasticities are negative (except between beef and pork), suggesting gross complementarity among the meat products. The uncompensated cross-price elasticities between pork and sh, and between pork and poultry are not signi cant. Expenditure elasticities are below unity for beef, pork, and sh but above unity for poultry, which indicates that the rst three meat products are normal goods but isn't poultry. Unlike uncompensated cross-price elasticities, the signi cant (at the 1% level) compensated elasticities indicate net substitution between beef and pork, between sh and pork and between poultry and pork, and net complementarity between beef and sh and between beef and poultry. All compensated own-price elasticities are negative and signi cant at the 1% level, and also smaller than their uncompensated counterparts due to the positive expenditure elasticities. The semiparametric estimation results shown in table 5 suggest very similar statements about both the uncompensated and compensated price elasticities but very di erent expenditure elasticities, i.e. the total expenditure elasticities are above unity for beef, sh, and poultry but only below unity for pork.
CONCLUDING REMARKS
The use of micro survey data has been popular in estimating consumer demand equations, thus interest in censored data has continued to grow. For the application such that zero observations occur in one equation, direct ML estimation of the Tobit model would be straightforward under the normality assumption. For a large system with many censored equations a two-step estimator though statistically ine cient, is a computationally expeditious alterna-tive to the full information ML estimator as it avoids evaluating multidimensional integrals.
However, the conventional two-step procedure generates inconsistent estimates if wrong joint distribution is assumed. This paper contributes to the censored demand system literature by incorporating the recently advanced semiparametric estimation methodology to the conventional two-step econometric framework. This semiparametric methodology appears particularly attractive in model speci cation regarding the underlying distribution generating the disturbances and in its ability to accommodate a certain form of heteroscedasticity which likely happens in cross-sectional data.
The proposed semiparametric two-step model is applied to an empirical analysis with a survey data set of meat product consumption in China (2003) . For the demand system where only a subset of equations is censored (beef and sh), selectivity terms are included only for equations with zero observations. The AIDS functional form of the demand system was used to obtain elasticity estimates. Although the proposed semiparametric and Shonkwiler and Yen's procedure produce very similar price elasticities for the current application, the di erences among these models are worthy of further investigation in other applications. 
APPENDIX A: Tables and Figures

APPENDIX B: Horrowitz and H• ardle Test (1994)
Horrowitz and H• ardle (1994) proposed a procedure for testing the adequacy of a probit (parametric) model against a semiparametric alternative that can be used for binary response models. In this paper, the authors suggest testing the speci cation of a single-index model according to the hypothesis: where 
